Background
Giant cell tumor of bone (GCTB) is a common and locally aggressive bone tumor in East and Southeast Asian patients, which usually involves the end of long bones and comprises approximately one-fifth of all benign and potentially malignant bone tumors. 1 Although surgery remains the preferred treatment for GCTB, it is limited by a high recurrence rate regardless of wide resection or intralesional curettage. GCTBs are classified by Campanacci et al into three grades: stage I, latent; stage II, active; and stage III, aggressive according to their radiological appearance. 2 Wide resection may lead to severe restricted movement which is usually performed in stage III patient. 3 For tumors classified as stage I or II, intralesional curettage is often performed first. It was reported that the local recurrence rates range from 19% to 50% in the first 2 years for both surgical procedures.
of recurrence. [8] [9] [10] [11] These methods could cause many complications, such as infections, pathologic fractures, and damage to soft tissues. Recent studies reported the potential of bone metabolism drugs for GCTB, including bisphosphonates (BPs) and denosumab. [12] [13] [14] Recent studies reveal that denosumab failed to show a benefit on local recurrence in the adjuvant setting in patients with GCTB treated with surgery. [15] [16] [17] [18] BPs are inhibitors of bone resorption, which promote bone mineralization and inhibit farnesyl pyrophosphate synthase. 19 Some studies showed that BPs could promote apoptosis of the stromal cell component, and reduce the recurrence rate after surgery in GCT. [20] [21] [22] Recently, there were some studies evaluating the effect of BPs on preventing postoperative recurrence of GCTB. [23] [24] [25] [26] [27] [28] [29] However, to the best of our knowledge, there is no definite direction or consensus on the application of BPs in GCTB. The present meta-analysis of six case-control trials aimed to confirm the effect of BPs on the local recurrence of GCTB and analyze the influence of different tumor stages and different procedures of surgery on this effect.
Methods

study registration
The present meta-analysis was conducted according to the PRISMA (Table S1) . 30 The protocol was registered in the International Prospective Register of Systematic Reviews (PROSPERO). 31 
literature search
The literature search was conducted in duplicate by two independent investigators. An electronic systematic search of four databases including PubMed, AMED, EMBASE, the Cochrane Library, ISI Web of Science, and China National Knowledge Infrastructure was performed for relevant articles from the inception dates to October 28, 2018 . The search consisted of the following keywords and Boolean operators: (alendronate OR pamidronate OR etidronate OR zoledronate OR clodronate OR bisphosphonate) AND (giant cell tumor). To include more additional eligible studies, a manual search was carried out on the bibliographies of related reviews and reference lists of all selected articles. If necessary, the authors of studies were contacted to provide additional information.
selection criteria
The studies selected for inclusion were required to contain the following criteria: 1) the participants were diagnosed as GCTB and underwent surgical treatment; 2) the intervention was oral, intramuscular, or intravenous BPs after surgery; 3) the outcomes must include the local recurrence rate of GCTB; and 4) the design was case-control study. The exclusion criteria were as follows: 1) studies with no reported follow-up time or those with <6 months of follow-up time, 2) data of local recurrence were unavailable, and 3) the same participants reported in a previous article with a short follow-up.
Data extraction
The data were extracted by two independent investigators. If any disagreement was found, a third reviewer was consulted. For each eligible study, basic information was extracted onto a data collection form including the following parameters: the first author name, publication year, sample size, intervention protocol, control protocol, similarities between BP group and control group, surgical procedures, follow-up duration, and outcome measurements. If outcome data were not described as text, it was extrapolated from the accompanying figures, tables, or other supplementary material. Finally, the characteristics of the seven included studies were shown in Table 1 . The primary outcome measurement was the local recurrence rate of GCTB. And the second measurement was the local recurrence rate in different subgroups, including different tumor grades (stage I-II and stage III) and different surgical procedures (intralesional curettage and wide resection). A sensitivity analysis was performed for the effect size by omitting the studies for which risk of bias and heterogeneity was imputed.
Methodological quality assessment
In the included studies, the methodological quality was independently assessed by two reviewers with the Newcastle-Ottawa scale for risk of bias, in which assessing factors included selection, comparability, and exposure. The weighted kappa for the agreement on the trial quality between reviewers was 0.86 (95% CI, 0.80-0.92). The criteria of the Grading of Recommendations Assessment, Development and Evaluation (GRADE) system were used to evaluate the quality of evidence.
statistical analysis
Extracted results were pooled in a meta-analysis. The metaanalysis was performed by computing ORs and their 95% CIs weighted by the inverse of a variance in Review Manager 5.3.5 software (The Cochrane Collaboration, Oxford, UK). The statistical heterogeneity was tested with I 2 and the chi-squared test. 32 The value of I 2 >50% was considered as high statistical heterogeneity and <50% as low statistical heterogeneity, respectively. 33 When there was no statistical 
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effect of bisphosphonates on local recurrence of gCTB evidence of heterogeneity, a fixed effects model was used; otherwise, a random-effect model was chosen. Sensitivity analyses were performed by omitting each of the individual study. The heterogeneity P-value <0.05 was considered as statistically significant. The sensitivity analysis was performed only if there were three or more studies in comparison. Publication bias was assessed by visually inspecting the funnel plot asymmetry. 
Results
studies selection
A flow diagram illustrating the study identification is shown in Figure 1 . Literature search initially yielded 307 relevant articles, and 173 articles were excluded because they were duplicated. Of the 134 remaining articles, 86 articles were excluded by screening the title and abstract. Another 41 of the qualifying studies were excluded after their full texts were retrieved because they were laboratory studies, noncase-control study, reviews, unavailable data, or not relevant to the topic. Finally, seven case-control studies involving 332 participants were included in our meta-analysis. [23] [24] [25] [26] [27] [28] [29] The weighted kappa for agreement on eligibility between reviewers was 0.87 (95% CI, 0.79-0.95). The characteristics of the included trials are summarized in Table 1 .
Methodological quality
The quality of included studies was assessed according to the Newcastle-Ottawa scale (Table 2) . 34, 35 According to the Newcastle-Ottawa scale, the risk of bias within the included studies reached 6.43 stars on average, which is also acceptable as there is no study with a high risk of bias. Three studies were judged to have a low risk of bias (more than seven stars), 24, 26, 27 and three studies were found to have a moderate risk of bias (five or six stars). 23, 25, 28, 29 The reviewers achieved excellent agreement in the quality assessment of studies (intraclass correlation: 0.88; 95% CI, 0.84-0.92).
Recurrence rate of gCTB
It was illustrated that the BP group presented significantly lower local recurrence rate than the control group in GCTB (seven studies, OR, 0.20; 95% CI, 0.11-0.38; P<0.01) ( Figure 2 ). The BP group presented significantly lower local recurrence rate than the control group in GCTB in both of the subgroups with different tumor grades. For patients with stage I-II GCTB, a significant difference in local recurrence rate was found between the BP group and the control group (six studies, OR, 0.29; 95% CI, 0.11-0.76; P<0.05) ( Figure 3A ). In patients with stage III GCTB, a significant difference in local recurrence rate was found between the BP group and the control group (six studies, OR, 0.16; 95% CI, 0.07-0.39; Studies included in quantitative synthesis (meta-analysis) (n = 7)
Full-text articles excluded, with reasons (n = 41) Figure 4A ). In patients who underwent wide resection, there was no significant difference in local recurrence rate between the BP group and the control group (four studies, OR, 0.35; 95% CI, 0.08-0.1.51; P=0.16) ( Figure 4B ).
Risk of bias across studies
Publication bias assessments using funnel plots ( Figure S1 ) indicated that there was no significant asymmetry and no significant evidence of bias among the included studies of the five meta-analyses.
heterogeneity and sensitivity analysis 
strength of evidence
According to the criteria of the GRADE system for evidence quality, 36 all the included trials in the present meta-analysis began as high-quality or moderate-quality evidence, which was downgraded by five categories of limitations (Table S2) . Inadequate case definition, substantial loss to follow-up, and inconsistent reporting of outcomes in some studies might raise the risk of bias. The number of included patients <150 is considered to be small and may cause imprecision and effect size >0.05 is considered to be large and strengthen the evidence.
adverse acute reaction
No serious or fatal acute adverse effect was reported related to BPs in all the included studies. The most common acute side effects were fever and gastric dyspepsia mentioned in three studies: 15 patients in Zheng et al; 24 six patients in Fan; 25 seven patients in Ding et al. 27 There was no major adverse effect on renal function or stress fractures.
Discussion
GCTB usually does not remain latent and tends to develop progressive destruction of the affected bone. 37 Therefore, The quality is assessed by the score as follows:
≥7, high quality;
≥5 to <7, medium quality;
<5, low quality. 
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shi et al surgical treatment should be performed as early as possible. Wide resection has an advantage of lower recurrence rate which is 0%-12%, 38, 39 as it removes the tumor entirely. Wide resection has been used in Campanacci stage III tumors or some cases without marked functional impairment, such as the ulna, fibula, and other small bones. 40, 41 However, wide resection may lead to restricting movement. Intralesional curettage with adjuvant methods is the preferred treatment for most cases of GCTB. This surgical procedure shows a better functional outcome but is associated with a higher risk of local recurrence. 42, 43 With developed surgical procedures and local adjuvants, the local recurrence rate of GCTB remains to be >20% in the recent studies. Nowadays denosumab, a monoclonal antibody to RANK ligand, is approved for the most common use for this type of pathology. Due to its efficacy, denosumab is recommended as the first option in inoperable or metastatic GCT. However, some clinical studies showed that denosumab might have no effect on reducing the risk of recurrence in patients with GCTB following curettage 17, 18 or even might increase the risk of recurrence. 15, 16 In vitro studies found that the inhibitory effect of denosumab on neoplastic cells and osteoclast survival were not observed, whereas BPs inhibited the growth of neoplastic cells and osteoclast survival.
Experimental studies confirmed the cytotoxic effect of BPs on neoplastic stromal cells of GCTB, and clinical studies showed that administration of BPs could reduce the recurrence rate of GCTB after surgery. The present meta-analysis of case-control studies verifies that BPs could reduce the postoperative recurrence of GCTB from 33.7% to 9.2% (57 of 169 vs 15 of 163), with no statistical heterogeneity. Subgroup analysis showed that BP group presented significantly lower local recurrence rate than the control group, regardless of the tumors' Campanacci stages. The antitumor mechanism of BPs is not clear. It was reported that BPs could induce the apoptosis of neoplastic stromal cells by blocking the mevalonate pathway. Moreover, BPs have been proved to inhibit the proteolytic activity of tumor cell-derived matrix metalloproteinase-2 (MMP-2) and MMP-9 by inhibiting the zinc-dependent proteolytic activity of matrix MMPs, which are essential for the degradation of extracellular matrix proteins, invasion, and migration. 44 Subgroup analysis of different surgical procedures showed that the recurrence of GCTB was significantly lower in BP group for patients who underwent intralesional curettage, but there was no difference between BP group and control group for patients who underwent wide resection. One possible interpretation of the different result is that wide resection avoids the marginal positive of bone in curettage and decreases the recurrence rate to a low level. Another interpretation is that recurrence is associated with soft tissue infiltration and wide resection removes all the infiltrate soft tissue. 45 These results suggest that BPs are benefit for the patients who underwent intralesional curettage but not necessary for those who underwent wide resection.
In this meta-analysis, six of the seven included studies reported preoperative application of BPs. Preoperative application of BPs could reduce tumor size and prevent surgical dissemination, but the frequency should be restricted because delayed surgery may lead to progression of tumor lesions. The duration of postoperative application of BPs was from 
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shi et al 3 months to 2 years. Prolonged postoperative application of BPs was considered important because most instances of recurrence occur in the first 2 years after surgery. 46 In these studies, the main adverse reactions of BPs are mild and nonfatal in patients without renal dysfunction or stress fractures and include fever and digestive upset. However, some studies found that long-term and large-dose systemic administration of BPs might induce osteonecrosis of the jaw and atypical fracture of long bones. 47, 48 Above all, this metaanalysis confirmed the effect of BPs on local recurrence of GCTB but did not conclude that BPs can substitute the role of denosumab. It is reported that denosumab is very efficient in unresectable or metastatic GCTB as a neoadjuvant setting. 49 In fact, denosumab was associated with tumor responses and reduced the need for morbid surgery in patients with GCTB. 50 In the present meta-analysis, no evidence showed the role of BPs on these two parameters, tumor responses and the need for morbid surgery in patients with GCTB.
The strength of the present meta-analysis consists of being rigorously conducted according to PRISMA guidelines and using a robust systematic review and meta-analysis procedures. Moreover, the advantage of this meta-analysis over individual studies is a convincing clinical recommendation of postoperative application of BPs for GCTB to practitioners.
The present meta-analysis has several limitations. First, the limited number of studies and the small sample size in some studies might reduce the precision of the pooled estimates. For subgroup analysis, the total number of patients who underwent wide resection was only 51, which would lead to large bias in the overall effect. Further investigation with big sample size is required to confirm the different effect of BPs on the recurrence of GCTB in patient who underwent different surgical procedures. Second, all the included studies were case-control, which would downgrade the strength of evidence. Finally, the presented study analyzed the middleterm effect of BPs on local recurrence of GCTB, and the long-term effect remained unknown and required more clinical studies.
Conclusion
In the present meta-analysis of case-control, comparing controlled treatment, the use of BPs as an adjuvant therapy decrease the local recurrence rate of GCTB. This effect is not influenced by different Campanacci stages of GCTB. BPs are benefit for the patients who underwent intralesional curettage but not recommended for those who underwent wide resection. 5 study selection 9 state the process for selecting studies (ie, screening, eligibility, included in systematic review, and, if applicable, included in the meta-analysis).
5
Data collection process 10 Describe method of data extraction from reports (eg, piloted forms, independently, in duplicate) and any processes for obtaining and confirming data from investigators.
Data items 11 List and define all variables for which data were sought (eg, PICOS, funding sources) and any assumptions and simplifications made. The inadequate case definition and substantial loss follow-up in some studies may raise the risk of bias. b effect size >0.05 is considered to be large and strengthen the evidence. c The number of included patients <150 is considered to be small and may cause imprecision. 
Publish your work in this journal
Submit your manuscript here: https://www.dovepress.com/cancer-management-and-research-journal
Cancer Management and Research is an international, peer-reviewed open access journal focusing on cancer research and the optimal use of preventative and integrated treatment interventions to achieve improved outcomes, enhanced survival and quality of life for the cancer patient. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.
